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Medical Device for Intra -Lumen al 

I ^IVERYff PH^MACEXJTTCairS^ 

EIEU) OF THE INVENTION 

Tlie presort invQitionidates to device for mtrarlxii^^ The 
5 devices are particularly useful for local ddiveiy of Aers^^eutic substances sudi as 

d&emotfaenqieudcs, platelet inhibitois, smooth musde ihhihitors and vasodilators. 

Suditfaenqpeutic substance can be used intreathierestraosis, pufanonaiy 

Iq^ertCTsion and other drculatoiy disorders. Hie device is coated or impr^pated 

with the pharmaceutical substance and can be permanrat or biodegradable. 
10 BACKGROUND OF THE INVENTION 



Stenosis is the iiarrowingofthe Hood vessel lumen. Inflieraseof Aeheart, 
stenosis of cardiac circulation can lead to acute in&rction with subsequent isdiemia. 
Stenosis is frequently treated vvitfaangioplasiy. Neointimal formation after stent 

IS ifwpiftnfeitinfi fism csmRB luminal narrowing cafled rKteaosis. R^tenosis is induced by 
ioitid platelet adhesion and timnnbus fonnation followed hy immunocytic adhesion 
on the stmt sur&ce and injured vessel walL The thrombus Oxen releases fectors that 
activate tbe proliferation of smoofli musde cells. 

WbSie percutaneous transluminal angjioplasty a mefliod of expanding a 

20 blood vessel Uocked by plaque, presentty enjoys wide use, it suflfers from two mqor 
problems. First &e blood vessd may suflte acute ocdusion immediately after or 
within the initial hours aftor the dilation procedure. Hie second major problem 
encountered in PTA is the re-narrowing of an artery after an initiaify successM 
aiigioplasty. lliisre-iianowii^isrefenedto as*V»tenos]s''andty^ 

25 within the furstSK months after angioplasty. Restenosis is bdieved to arise ttroug^ 
the proliferaticm and nsigration of smoolfa muscle cells arterial waO, as well as through 
geoinetricdiaiiees in ftie arterial wan refoied to as ^'remodeli^ IthasshnOaily 
been postulated tibat the deliveiy of appropriate agents directi^ into the arterial yvdl 
could interrupt the cellular and/or remodd&ig events leading to restmoas. However, 

30 the results of attempts to prevent restaiosis in this manner have been ntiKed. 

A device sudi as an intravascular start can be a usefid adjunct to PTA, 
particularfy in the case ofeiflier acute or threatened dosure after angiop^^ The 
stent is placed in ftie dilated sapient of the artery to mechanical]^ prevent abrupt 
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dosufeattdiestenosis. Ifafbitunat^.even^i^enfteiniplantaticmo 
acconipam9<^ by aggressive and precise aiitq)latelet and anticoagulation iherw 
(lypicalty by systemic administrationX fte incidence of liironibotic vessd closure or 
otfa^ tinombotic complication remains significant, and the prevention of restenosis is 

5 not as successM as desired. An undesirable side eflfisctofihe systemic antiplatelet 
and anticoagulation ibetm an increased incidence of bleeding complications, 
limiting its use. A suitable device would woik locally to ddhrer atiierqwutic agent 
tiiat would prevent tioombus fbnnation and inhibit smooth muscle cefl proliferation 
witiiout undesirable side-efifecte. 

10 Stents 

Recent mqor breakthroughs have made new materiab available fcr 
pwcutaneous peripheral arterial and coronaiy arteiy intervention procedures. 
Typical^, a stent is an inserted of wires timt stretch and mold to die arterial 
to prevent reocdusion. The arterial and coronaiy artery stents have made progresave 
15 stnicturalin?)rovCTiBnts leading to tiieevohitiottoftiiird generation stents or coated 
stents. Stents are described for instance in US Patent Nos. 6,235,053; 6,165.209; 
6,129,725; 6,241,76(n and 6.197,047. 

Implantable medical devices capable of deKvering medicinal agents have been 
described. Several patents are directed to devices utilizing biodegradaWe or 
20 bioresorbable polymers as drug contaimng and rdeasing coatings, induding US 

Patent Nos. 4,916,193; 4,994,071; and 6,096,070. Other patents are directed to tiie 
formation of a drug containing lydiogel on tiie surfeoe of an inplantabie medical 
device, tiiese indude US Patent Nos. 5,221,698; and 5,304,121. StiD otiier patents 
describe melhods for preparing coated intravascular stents. US Patent No. 5,464,650 
25 describes coating stents via appficationofpotymersohitions containing dispersed 
therapeutic material to the stent sui&oe foDowed by evaporation of tiie sohrent US 
Patent No. 6,099,561 desoib^ starts widi ceranuc-lite coatings. US Patent No. 
6,231,600 describes stents with lybrid coatings induding atime released restenosis 
iofaflnting coating and a non-tiuombogeoic coating to prevoit dottii^ on die device. 
30 US Patait No. 6,214,901 dracribes a biocon?)atibIe polymer suitabte for coating 
i05)lantable medical devices and delivering therapwtics sisponded tiioreia 
Additional coatings for medical devices are described for instance m US Patent Nos. 
6,071,305; 6,179,817; and 6,218,016. 
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Several tiierspeutic agoits have bem proposed for treating or preventing 
restenosis, US Patent No. 6^14,868 describes preventing or treating coronary 
restenosis ^diidi cortQsrises administering an effective amount of acatecfain, derived 
from a green tea extract. US Patent No. describes inhibiting restenosis wifli a peptide 

5 abundant in basic amino arid residues linked via its C-temrinus to a pqptide of at least 
two consecutive Iqrdrophobic amino arid residues. US Patent No. 6^9,118 
describes inhftiting restmosis with a substituted adenine derivative such as 2-chloro- 
deojgradenisine. US Patent No. 6,171,609 describes inhibiting restenosis with an 
inhibitor of vascular smooth musde cdl contractioiL US Patent No. 6,241,718 

10 describes inhfliitirig restenosis by appfyingc^^ US _ 

Patent No. 6,156,350 desoibes iiihilHting restmosis by flushmg wifti a solution with a 
pH below 4.0 sudi as a hydrochloric arid. 

Pubnonaiy hypertension has been an enigma to the medical profession both 
15 diagnosticaDyandlheiapeiiticallsr. Its wdl known "mirror image cousin,'* arterid 
l^ertension is piobaUf the most diagnosed and treated medical condition, while iWs 
poor rdationrCTiainsundii€POsed,untieated and qmeO^ Unlike arterial 

hypertension, puhnonaiy hypertension can not be readiljr diagnosed sudi as by a 
sphygmomanometer. 

20 Pulmonaiy hypertension is defined whentiie pressure in the puhnonaiy artery 

exceeds25mmofmBrcuiy atrestor30nmnofniercuiy duringex^^ Theieare 
two forms or pulmonaiy hypertensioa One is known as primaiy puhnonaiy 
hypertCTsion where die cause is unknown and second fonn is referred to as secondary 
puhnonaiy fayertension, meaning that it is secondary to anotiior idmtifiable 

25 underiying cause. 

Pufancmaiy hypertension usually occurs in young adults, with a mean age of 
45, vaiying from 15 to 66 years of age. Approximately 62% are femala Ihemedian 
sundval time after diagnosis is approximately 2.5 years. Secondaiy puhnonaiy 
liypertension can result from a multitude of diseases inchiding cardiac problems such 

30 as sever mitral stenosis, severe aortic stenosis, left to r|g|it shunts (VSD), congestive 
heart Mure, diastolic dysfunction, to list a few of the cardiac causes. Other causes 
are obstructive sleep apnea, chronic puhnonaiy emboli, pulmonaiy parenchymal 
disease such as empfaysema, puhnonaiy fibrosis or dbest wall deformities. It also 
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occurs in connective tissue disease e.g. hqnis ayfiiematosus, polyniiositis. Aeumatoid 
artbritis,sderoderina and with the CREST syndrome. Seoondaiy puhnonaxy 
fayperteosion has been associated wifli portal hypotension, and wibtiie use of 



Elevated pubnonaiy artery pressure has beoi found to be a spedficaUy 
significant prognostic fector in chronic obstnictbe puhnonaiy disease patients 
leodving long term o^^gentiierapy. In a recent stucbr at the Umversity Hospital in 
Strasbourg Fiance Oswald-Nfeunmosser and co-woikers found diat flie five year 
survival in patient's wifli severe COPD wilh normal lestiiig puhnonary artery pressure 
10 was 62% and in patients with devated puhnonary artery pressure the survival was 
only 36%. Hie means oftreatment for primary or secondary puhnonary hypertension 
are medical or surgical At present, most of the medical treatments are cxiR^Iiuait 
and are inimarily rdated to prostacydin analogues given eWier orally, irdialed or by 
infiision. There have also been several studies vinrthiiihaled nitrate oxide and oral 
15 endodiefin receptor antagonists. None offliese produced any dramatic resuhs. WO 
01/34088 discusses the use of vasoacthre intestinal peptide (VIP) for treatment of 
puhnonary hypertension. 

Surgery for treatment of puhnonary bypertension usually consists of lung 
transplantation, singjte, Inlateral or heart wifli Intaterd hing. Most patients have a 
20 waiting period of two to tiiree years foe an ^propriate dome, obviating foe need for 
many v/bo succumb to puhnonary hypertension. Survival at five years post- 
transplantation is 37-44% At present it do« not appear to be a viaWetreatmenL The 
lung volume reduction procedure rranains a questicMiable option for COPD. 
Cancer 

25 In spite ofnurnerousadvarices in naedicalreseardi, cancer remairis the secorid 

leading cause of deadi in die United States. In the industrialized nations, rougbly one 
in five persons will die of cancer. Traditional modes of dhncal care, sudi as surgical 
resection, radiotibierapy and diranofoer^, have a significant Mure rate, espedaOy 
for solid tumors. Failure occurs either because foe initial tranor is unresponshre, or 

30 became of recurrence due to r^owth at the original site and/or metasteses. Even in 
cancels sudi as breast cancer vdiere the mortality rate has decreased, succrasfiil 
interventi(m relies on earfy detection of foe cancerous cells. H» etiology, diagnosis 
and ablation of cancer remain a central focus for medical researdi and development. 
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Neoplasia resulting in beniga 
removing the mass suigicalty. If a tunica becomes malignant, as manifested by 
invasion of surromding tissue; it becomes nmdi more diffi Once a 

malignant tumor metastasizes, it is mucb less likety to be eradicated 
5 The ibree mqor cancers, interns of morbidity and mortality, are colon, breast 

and lung. New surgical procedures offer an increased survival rate for colon cancer. 
Inqiroved screening nstliods increase the detection of breast cancer, allowing earlier, 
less aggressive diersqpy. Numerous studies have shown that eaily detection increases 
survival and treatmrat options. Lung cancer remains laigdy refractory to treat ment 

10 Bcduding basal cell carcinoma, there are over one million new cas« of cancer ^ 

p^ year in the United States alone, and cancer accounts for over one half million 
deafly per year in this country* Ihlfae worldasa^^ole^thefivernostcorrmion 
cancers are those of lung, stomach, bre^ colon/rectum, and uterine cervix, and the 
total nunoherofiiew cases per year is over 6 nuDiori. Only about half flie number of 

15 people who develop cancer die of it. 
Vasodilators 

Vasodilators cause vasodilation of or in increased rate of Uood flow through 
the arteri^. Thus, upon administration of VIP and/or NP, vasodilation or rate of 
blood flow would be expected to hu^easa 

20 Vasoactive Intestinal Peptide 

VIP is a basic, linear 28 amino add polypeptide isolated initial^ form pprdne 
duodenum (Mutt et aL (1974) Eur. J. Biocfaem 42:581-589) and wid^ found in the 
central and peripheral nervous systems and digestive tract. VIP has strong 
vasodilating properties and hypotensive activity and sfystemic vasodilatory activity. 

25 Administered intravaiousty (JV) or directly into the heart, VIP increases heart rate 

and contractile force. Anderson et al (1988) X Cardio. Pharmacol. 12:365-371; Rigel 
et al (1988) Am J. Pl^^oL 255:H317-319; Karasawa et aL (1990) Eur. J. Pharmacol. 
187:9-17; and Unv^erth et al. (1985) J. Laboratory. Clia Med. 106:542-550. 

The amino add structure of VIP was darified in 1974, and since tiiis structure 

30 is similar to both secretui and glucagons, VIP is considered to be a peptide hormone 
bdonging to the glucagons-secretin &xnSSy. Other members of this family of 
structural^ related peptides include gastric inhibitory peptide (GIP), growth hormone 
releasing factor (C9IRF) and adenylate cydase-activating peptide (PACAP). like all 
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secfetoiy peptide VIP is derived by proteolytic deav^e fiom a laiger pieonsor 
molecule. Tlie 170 amino add preciirsor pieproVIP contaiiis hi^ 
another biologicallsr active peptida Itoh et aL (1983) Nature 304:547-549. VIP 
contains at least two fimctional regions: a region of receptor-spedfic binding and a 
5 r^on involved in biological activitsr. Gozes et aL (1989) MoL NeuroUoL 3:201-236. 
VIP mediates or modulates several basic ceil fimctions. Tliese indude brain 
activity, endocrine functions, cardiac activity, respiration^ digestion and sexual 
potm^. The vvidespread plQ^olog^c distribiition of VIP corrdates wit^ 
involvCTent in a broad spectrum of biologicd activities. Hie actions of VIP are of a 

10 conq>leK nature; enconq>assing receptor modulation, inductipg release of neurotrophic ^ . 
&ctors, neurotransmission and neuromodulation. VIP occurs vnddfy in the central 
and perq)heral ni^ous systems and di^Stive tract, and ms^ plfQr a role in 
parasynq>aflietic req)onses in Ifae trachea and gastrointestnud tract 

VIP is aninq)ortant modulatot of cell growth, d iffe ren t iation and survival 

15 during de^opmentoftfaesynipatfaetic nervous system. VIP acts as a 

neuromoddator in severd responses. Fmon et aL (1985) Proa NatL Acad. ScL USA 
82:8810-881% and Kawatam et aL (1985) Sdence 229:879-881. In dioKneigic 
studies VIP has a sdective efifect on muscaridc excitation in sympathetic gaqglia with 
no apparent efifect on mcotimc responses, indicating that VIP has intrinsic properties 

20 aflfecting dectricd activity and also interacts with other neurotransmitter systCTOs to 
moddate physiologic responses. 

VIP has been found in glid ceils and appears to be of plQ^siologicd 
importance. VIP mediates commumcation between neurons and glia, a rdation^p of 
fimdameutd in^ortance to neurodevdopment and functioa 

25 VIP immunoreactive fibers aro present in and dsppeat to be intrinsic to the 

canineheart. WdheetaL (1981) N^irosd. Let. 26:283-288; and Weihe et d. (1984) 
Cell Uss. Res. 236:527-540. VEP-containing neurom are present in <»nine hearts 
vibere VIP eK&cts a strong globd myo cardid eflfect shdlar to, but more sustained 
than, the adrmergic effect Ibe efiEect is qualitatively similar to otiier inotropic drugs 

30 that act through specific cell surfece membrane receptors cotq>led to adenylate 
cyclase, for 6xanq)le p-adrenergic agonists such as proterenoL 

VIP receptors aro fbund in both canine and human hearts, thus canines are an 
appropriate model for VIP in humans. Vagal, efiferrat stimdation of P-blocked, 
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atropinized dogs incre^ed heart rate and contractile forcei, an efifect that nmy be due 
to the release of VIP. Rigd et aL (1984) Am J. Physiol 2460ieart circ. pfaysioL 
1S)H168-173. VIP is released from dog atria ^Aien parasympaflietic nerves are 
stimulated. Ifin et aL (1993) X Autoa Nerv. Sys. 43:117-122; and Hm et aL (1995). 
5 MEosy different potential Ifaersqieutic uses of VIP» VIP analogues and VIP-like 

po^qseptides have been proposed. Duetofliewidespreaddistributionand variety of 
activities of VIP, VIP analogues and VEP-like peptides have been proposed as 
treatment for various conditions including among others, asthma and ^ectile 
ifysfimction. 

10 VIP is active present in amounts ofonfypicograms, and is stable in 

solutioiL This inakes it particidaify suited for use in a medicinal a>nte9^ 

VIP has inotropic and chronotropic effects due to its vasodilatory properties. 
VIP acts as a broncfaodilator and a relaxant of pubnonaiy vascular snE» 
The inotropic state of die vmtricle may be affected by the activation of several 

15 receptors, some ofvtdiidi are coiqiled to adogdate cyclase. Forraiost among diese is 
ihe P-adrooergic receptor, wUdi, vAxm activated by its correspondii^ 
neurotransmitta: norepinephrine, mediates increased cardiac contractilhy . 

Additional positive inotropic cardiac receptor pa&ways have been identified 
ahhougpiiplQ^siologic roles have not yet been estsddis^ These indudepathwajn; 

20 diat respond to p-adrenergic agonists induding h^tanrine, s^otonin, enkephalins and 
VIP. Qflfaese, VIP b a potentially inq>ortant agonist because it is pr^ent in ner^ 
fibers in the hear^ is coiqpled to adeiQ^e cyclase, and, whm administered IV, 
mediates both increased contractilily and coronary vasodilati Thereissons 
evidence fluit VIP has two discrete binding sites spectfic to fte cen^ 

25 system 

The time-course of chronotropic effects of VIP is dose-dependent; however 
the time-course fbrrecoveiy from inotropic effects is not Hus may be due to 
variation in neurotransmitter levels in extracellular spaces, occurring due to heart 
movement At a constant level of synq)athetic nerve stimulation, dogs ^ose hearts 
30 were paced at different rates showed different recovery times from the inotropic 
response. Thus Hio recoveiy from VIP inotropic effects is affected by heart rate, 
wfaidi in turn is altered by the chronotropic eflfects. The inotropic and chronotropic 
effects of VIP are therefore related but do not occur through tiie same mechanism. 
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Tbise taay be dijOerml receptois for flie two responses or tiie Inodiemical cascade 
initiated diEfers for flie two. 

Intact endothelium is nece^aiy to adiieve vascular relaxation in r^onse to 
acetylcholine. The endodieiial layer modulates autonomic and hormonal effects on 
S tiie contractility of Uood vessels. Inresponseto vasoactive stimuli, endo&elial cells * 
release short-lived vasodilatois called endotfaelhnn-derived relaxing &ctor CBDRF) or 
endotfaelium-derived contracting fiictor. EndoAeKal ceD-dependait mech a nism s are 
important in a variety of vascular beds, including the coronaiy drculatioa 

The natural properties ofVIP have been improved. The C-terminus holds a 
10 receptor recognition site, and ttie N-temiinus holds die activatioii site with minim a l 
binding capadty. These are ^sential to VIP fimction. Pqytides non-essential to 
fimttiCT bavf^ manipniflie ii and altered, resulting in some cases in increased 
levels ofactivi^ over natural VIP. These VIP analogues and VlP-hke peptides can 
be utilized in aiQr situation ii^ere VIP is ^fective. Some VIP analogue have 
IS inqnroved storage properties and increased duration of action, and flierefore m^ be 
superior dn^gs. EP A 0613904; and US Patent Nos. 4,737,487; 5,428,015; and 
5,521,157. VIP antagonists alter VBP fimctioa US Patent No. 5,217,953. 

VIP inervationhas bem demonstrated in die airways and pulmonary vessels 
(Dey et al. (1981) Cell Tiss. Res. 220:231-238), and the lungs are believed to be an 
20 in5>ortantplQ^ological target for VIP. The rat and guinea pig brains have VBP- 
spedfic receptor sites. Taylor et aL (1979) Proa Nafl. Acad. Sd. USA 76:660-664; 
Robberecht et aL (1978) Eur. X Biodiem. 90:147-154. Tlie receptor-molecule 
complex has been identified in the intestnie and lung. Laburlhe et aL (1984) Eur. J. 
Biochem 139:181-187; and Paul et aL (1985) R^. Peptide 3:S52. Two classes of 
25 receptors with different pharmacological prop^des have been detected in rat lung and 
in human colonic adCTOcarcinoma cells. Atdii et aL (1988) J. BioL Cbsm 263:363- 
369; and El Baatari et al. (1988) J. BioL Oieno. 263:685-689. 

cDNAs encoding rat and human VIP receptors have been doned; at least one 
of these receptors is structural^ related to the secretin receptor; at least one of these 
30 receptors is stracturally related to the secretin rector. Ishihara et al. (1992) Neuron; 
Sreedharan et al (1993) Biochem. Biophys. Res. Comm. 193:546-553; and 
Sreedharan et al (1995) Proc, Nad. Acad. ScL USA 92:2939-2943. mRNA for this 
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VIP has bemfomd in several tbsuKindudiog liver, lung, intestine and biain. 
ndRNAfor anotiier VIP lecqitor has bem found in stomadi, t^es and faraia 

The VIP receptor or receptors may be coupled to adenylate cydase, as a VDP- 
stimulated adenylate cydase has be» identified in various areas of the central 

5 nervous s^»ias well as die liver and pituitary. Quick et aL (1978) Biodiem. 
PharmacoL 27:2209^2213; Desdiodt-Landanan et aL (1977) FEES Lett. 83:76-80; 
and Rostene (1984) Progr. NeurobioL ^:103-129. Studies of rat s^ory neurons 
show that VIP transaiption m^ be inoeased via activation of cellular transcnption 
fiictois Ifaat bind to a cydic adenosine monoidiosphate (cAMP) responsive dement. 

10 Dobson etaL (1994) NeuroscL Lett 167:19^23; TsukadaetaL (1987) J. BioLCto ^ 
262:8743-8787; and Giladi et al (1990) Brain Res. MoL 7:261-267. 

VIP action on cAMP may be inediated via G^protdzis, signal transducers diat 
stimulate t^drofyas of GTP to (S>P, as GTP and its analogues inhibit VIP-receptor 
binding and potentiate cAI^ synthesis in respom^ Paul (1989) BiodienL 

IS Pharmacol. 38:699-702. K^lfae VIP-receptor is coiQ>led to G-proteins» this could 
explam the arr^ of VIP efl&cts found, as G-proteins are widesp 
several signal transduction pafhw^. VIP induces its own mRNA inPC12 cdls, 
probably as a result of its activation of adeiqrlate cyclase. Tsukada et aL (1995) MoL 
CdL EndooinoL 107:231-239. Regulation of VIP expression occurs also at a 

20 translaticnd or post-translational level Agoston et aL (1992). VIP may act as an 
autocrine regulator of its own synthesis. 

VIP treatment produces a loss of responsiveness to subsequent recfaallenges; a 
short-tmn exposure to VIP results in internalization of the receptor-pq[rtide coiqplex, 
afeature tiiat may be tissue-spedfic. RosseUn et aL (1988) Ana NY Acad. ScL 

25 527:220-237; Boi^sard et aL (1986) Cancer Res. 46:4406-4413; and Anteunis et al. 
(1989)Am J. P1q^oL256:G689-697. Aft^ internalization, VIP is d^raded in 
lysosymes and may serve as an intracdtular e£fector, vMe the receptors are recyded 
to die cell sur&ce. 

VEP bindiiig sites and VIP-stimulated adenylate cyclase can be reduced by 

30 prdncubation vnSi different agents, although the dififerent agents ai^ear to function 
by different nedianisms. Turner et aL (1988) J. PharmacoL Exp. Ther. 247:417-423. 
The VIP receptor appears to be translocated to a veside fraction after sudi 
exposure. Inson3ecettlin^tiiehal&lifeoftiierecqptorvi^around2da^an^ 
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S^S^sylation was necessary for transiocatioiL An intanDalized VIP receptor is 
dissodated from adenylate cyclase activity, attfaou^ the internalization process is not 
conqiletely independent of cAMP accunnilation. Hgbhim et aL (1988) Cancer Res. 
48:6201-6210. VIP signal transduction thus refi^ on niuhqple path 
5 elevation of cAMP. 
Neuropeptide 

Neuropeptide Y (NPY) is a 36-anHno add peptide neurotransnutt^ that is 
located throiighout the cffltral and peripheral nervous systCTis. TatCTioto (1 982) 
Proa NatL Acad. Sd. USA 79:5485; and Hadewood (1993) Proa Soc. Exp. BioL 

10 Med. 202:44. It afife(^abroadrai^eofidienoiDena, indudipgbloodpr^sure 

regulation, memory, anxiolysis/sedation, food and water appetite, vascular and other 
smooth musde activity, intestinal dectrol/te secretion, and urinary sodium excretioa 
Colmors and Wahlested^ The Biology of Neuropeptide Y and Related Peptides 
CHumana Pre^, Totowa^ NJ 1993). 

15 Peptide YY (PYY) is also a 36 amino add pq>tide and has significant 

sequence homologr (70%) to NPY. Tatmioto et aL (1982) Nature 296:659. Its 
aimtomical d&tributionis sindar to that ofNFY» aUfaou^ it is located maiiily in the 
endocrine cells of tiie lower gastrointestmal tract Bottchor et aL (1984) ReguL Pept 
8:261(1984). IJke NPY, PYY stinmlates feeding in rats. MorhyetaL (1985) Brain 

20 Res. 341 :200. Along wife tiie pano^eatic pofypqatide (PP), NPY and PYY have a 

commcHi tertiary structure^ diaracterized by tiie so-called PP-fi)ld. Oover (1985) Bur. 
J. BiodiCTL 142:379. Both NPY and PYY ^ow about a 50% sequmoe homology 
with PP. 

Because of tiidr stmctural similarities, NPY and PYY have anumber of 
25 common recqitors. Atleastfourreceptorsublypes,Yl,Y2,Y3, and Y4/PP, have 
bem idmtified. The affinity for NPY, PYY, and various fiagmoots thereof varies 
amor^ the subtypes. WO 95/17906. As used hereiaNP encompasses all forms of 
neuropeptides wifli stenosis*-inhibiting activity. 
OBJECTS AND SUMMARY OF THE INVENTION 
30 Hie present invention ^iconipa^^ a device containing a deliveiy system for 

implantation in a blood vessel or other biological lumen and a ttterapeuticalty 
efifectiveariiouritapharriiaceuticalagent The device is particular^ useful for 
delivery of a phannaceut«:al agent locally for instance of vasoactive intestinal peptide 
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efifective to treat stmosis inlheUood vessd orproxiinalto asofid tumor to ddiver 
chm^otii^py diretcOy to flie vasculature of the tumor. Hie ddiveiy system can be 
aiQrkno^mdieartindudiiii&butnotliiidtedto^as The device need onl/ be 
the goieral shq)e of a stent however in ftat it has alumm 
5 biolo^c lumen. Thedeviceneednotprovidetherigidily of astaitasitisnot 
nece^aiify provided to mamtain the lumen sbze of an angioplasty stent . 

The device can be» and pre&raUy^ is biodegradable or bior^oibable. hi tiie 
case ofsuch stents, replacement as needed is provided For instance, in the case of 
prevention of lestmosis, a singje stent wifih a drug deliv^ life of 3-6 months ^uld 
10 besuflBciaittotreatiestOTOsis. Astentorsinmlardevicediatisresorbedord^raded ^ 
widun this time would be sufficient hi treating pitoionaryhjT?ertension,ho^ 
replacement stents would ensure continuous treatmait of the disease. A device tiiat 
could be resorbed or d^;raded and retraced every few months would greattj^ inqiroye 
die treatment proffle of diesepatiCTt Mettiodsofpladngstrats are weffl known in die 
IS art and tibe prefened locations of placemmt are likewise known in the art 

hi some circumstances, a biodegradable or bioresorbable catheter or st&A 
provide the properties necessary for drug delivery according to the inventioa If the 
stent is pmnanent, the pharmaceutical agent can be coated onto or impr^nated into 
thestent Nunierous stents are known in the art, inchidiiig, but not liini^ 
20 discussed in die Background of the hiventioa Additional suitable stents are 
mentioned for instance in US Patent Nos. 6,3^7,124; 6,387,035; 6,383,215; 
6,378,382; 6,372,723; 6,368,356; 6,358,989; 6,355,640; 6,352,682; 6,350,764; 
6,344,486; 6,399,072; 6,338,739; 6,338,709; 6,306,074; 6,290,949; 6,287,332; 
6,273,913; 6,273,908; 6,261,630; 6,261,320; 6,258,121; 6,254,628; 6,251,920; 
25 6,248,129; 6,235,778; 6,176,871; 6,176,871; 5,593,974; and US Patent Application 
Serial Nos. 2002/0065552; 2002/0061326; 2002/0055710; 2002/0055666; 
2002/0052572; 2002/0049162; 2002/0042645; 2002/0032414; 2002/0029052; 
2002/0002353; 2001/003435?; and 2001/0009911. 

hi one enibodimen^ the device provided herein provides a drug ehitiiig stent 
30 that inhiUte intimal cell proliferation, reverses endothelial ds^sfimction, enhances the 
imcrodrculation and prevots or inhibits ii^gativeren^ The device is suitable 
for use in treatment of decreased blood flow through a blood vessel such as is found 
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mpu]m(maiylQ^perteDsioii,r^mosisaiid<^^ Thus^ fhe device is suitable for 
use in treating each of liiese indicatioii& 

It has been denx>nstrated in multiple clinical studies Aat angioplasty is more 
efifective than tlironibol^c ihcrspy in reestablishing flow in acute/subacute 
S myocardud infiiction. The device is suitable for use in treating pidmonaiy 

byperteosion, acute/subacute infiorction, or severe stenosis causing iscbemia, tiie so- 
called lescueapgioplasty. The stent is suitaUe for use in treatmg any patient in 
danger of suffering st^osis of a blood vessd or pulmonary hypertmsion. 

Where used for treatiiig restenosis, the device has many advanta^ ov^ 

10 ordmaiy stmts in amdioraticigstmosis. Restenosis s induced by initial platelet 
adhesion and tiirombus formation followed by immuno^te adh^ons on the stent 
sur&ce and injured vessd walL The thronabus Ikm releases foctors that activate 
prolifeiationofsmoothmusde cells. ThephamiaceuticalagCTtSCTvloyedvvithtiie 
device of the present invCTtion elevate platelet cAMP levels and inhibit tiie platelet 

15 activation induced by platelet activating foctor By admmistaipg the pharmaceutical 
agent direct^ to tiie site of stenosis, the device decreases side eSects and allows for 
use of mudi lower drug concentradcns than would be used in systemic 
administratioa Due to the nature ofvasodOators such as VIP and NP,systam 
administration would be contra-indicated in treating or preventing stenosis. 

20 In another embodiment, the device is suitable for use in delivering a 

chemotfaeFE^ratic agent to a tumor. The device can be implanted in an artery tihat 
feeds the vasculature of the tumor. Tlnis^tiie device is implanted proximal to a tumor. 
This decrease j^stemic levels of cfaemoth»:q)eutic agents and increases the 
concentration of agent delivered directly to flie tumor. Any suitable tumor can be 

25 treated indiudmg, but not lindted to, astrocytoma, oligodmdroglioma, epen^onoma, 
medulloblastoma, primitive neural ectodermal tumor (PNET), pancreatic ductal 
adenocarcinoma, small and large cell lung adenocarcinomas, squamous cell 
carcinoma, brondioalveolarcardnoma, epithelial adenocarcinoma, and liver 
metastases thereof hepatoma, diolangiocarcinoma, breast tumors such as ductal and 

30 lobular adenocarcinoma, squamous and adenocarcinomas of Ifae uterine cervix, 
uterine and ovarian epithelial carcinomas, prostatic adenocarcinomas, transitional 
squamous cell carcinoma of fhe bladder, soft tissue sarcomas and leiomyosarcomas. 
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Hie device is also usefiilfortreatuDgpanaeatic disorders and can be placed in 
the panqreatic duct In this instance, a biodpgradable or bioresorbable device is 
preferred Ilie device is also suitable for use vvbm placed in other lunieosinc^^ 
but not limited to, ureter, urethra, bile duct and spinal column for deliver of 
5 pharmaceutical agCTts to l3a&e sit^. 

The dose of the pharmaceuticai agent required to be administered to adiieve 
the desired effect of improvemmt in the patient's condition will vary depending on 
several &ctors, including the severity of symptoms^ size and health of die patient and 
dqosedtimesinceoiiset ofiiifiirctioii,isdiennaoratig^ The preferred amount 

10 to be adtmiistered depends on die irihiannacratic^ 
circumstances. 

The appropriate dosage range is diat wUdi is large enougji to jMroduce 
ain^oration but not so large as to induce unwanted side effects. The required dosage 
canbedeternnnedby oneof skiDintheart. Preferabl)r,wh» the pharmaceutical 

IS agentis VIP, it is present in the raiige of from about 0.001 ^g to 500 More 

pr^erabty, tfaeVIPispr^entinanainoiintoffitomd)Oiit 1 Mgto2S0^^^ Prefarablt^, 
iwfaen the pharmaceutical agent is NP, it is presmt in the range of from about 0. 00 1 
toSOOpg. More preferablsr, the NP is present in an amount of from about 1 pg to 
pg. IfVIP and NP are used in comhiriation, the concentrations of one or both a^ 

20 adjusted accordingly. Ai^rcoiiceiitration of tiieiiamedpharrnaceutical agents 
effective to ameliorate prevent, inhibit or treat) restenosis is enconopassed by the 
invention. 

As used herein, '^VIP'' and 'NP" refer to the native molecules and derivatives 
thereof VIP and NP eacompass any natural or synthetic peptide that is substantially 

25 similarto the native peptide and retains native activity even diough the pqptidemay 
have been manipulated, geneticalty or otherwise, to alter or enhance that activity. 
^'Sutetantialfy simflar^ means a peptide in which amino add residues non-essential to 
the stenosis-inhibition activity of the pqptide have been altered in an attetnpt to alter 
or enhance that activity, but the peptide still retains a high level of amino add residue 

30 sequCTCe similarity to the native peptide VIP is advantageous because it is a 

vasodilator; a vasorelaxant (it decreases systemic vascular resistance (SVR)); an anti- 
inflammatory, it inhibits mitogen induced T lymphocyte proliferation; inhibits 
cytokine release; decreases Interleukin-2 production; inhibits vascular smooth muscle 



13 



wo 03/103743 PCT/US03/18059 
cell growtb; and enhance mdottelial constitutive nitric oxide symfaetase (ecNOS) an 
CTzyiw for g^ierating nitric oxide (NO) in CTdotfa^ MP is advantageous 
becaise it is a potait vasodilator (200 times more than prostacyclin); a vasorelaxant; 
an anti-inflanjmatoiy, and inhibits nntogm induced The lytnphocyte proliferation; 
S inhibits cytokine release; decreases lnteileukiiH2 production; enhances ecNOS; 
inhibits platelet aggregation increasing cAMP in platelets and tiberefore l^ens 
platelet aggregation. It also lessens platelet aggr^ation by inhibiting phospholipase 
A2 activity. 

SuitaUe chemotherapeutic agents include, wifliout limitation, vinca alkaloids 
10 sudi as the vinUastine> vincristine and vindesine sul&tes, adriamydn, bleorcydn 
sul&te, carboplatin, cisplatin, cydophosidiamide, cytarabine, dacarbazane, 
dactinoni^dn, duanorubidnfaydioddoride» doxorabidn hydrochloride, etoposide, 
jSuorouradl, lomustine, medilororethamine l^droddoride;, meJp halari, 
m^c^topurine, mediotrexat^ nuton^cin, nntotane, pentostatin, pipobroman, 
15 procarbaze iQrdroddoride, strqptozotodn, taxol, fliioguanine, uracil mistard and antir 
cancer antibodies. 

^V^melioration'' means doay inqirovement in die condition of Ifae patient that 
has occurred as ar«;ult of administration of treatment "with the daimed invention. 
This includes aiqr increase in survivd time over \^iiat v\roidd 1^ 

20 expected. In a patient responding particularfywdltfamshoidd be some restora^ 
of efiTectrve cardiac fimction. It does not mean a complete cure or prevention of all 
restenosis although this is vtiiat is aimed for. 

A '"patient" is a vertebrate, preferabty mammal, more preferat^ human. 
Mammals including, but not limited to, humans, &mi animals, sport animals and pets. 

25 Preferably^, the patient is humaa Suitable patients for treatment vyith this invention 
are those suflEering from arterial stenosis arising by aay means. 

The pharmaceutical agents can be delivered by the delivery syst^by any 
method known in the art. For instance, the agent can be coated or adsorbed on the 
delivery system. Any bioconqpatible coating known in tiie art, indudiiig, but not 

30 limited to, those discussed in the Background of &e IhvCTtion, can be used provided it 
releases the pharmaceutical agent in ather^eutically effective manner. Hie 
bioconq)atible coatings are typically pofymers wititi then: tertiary structure actii^ as a 
depot for a drug to be hdd and relied by Ifae diaracteristics of 4ie coating or elution 
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oftfaedrugfiomacoatmg. Siiitrf)le coatiiigs also indude saccharid 
polysacdiarides. Numerous coatings and soKd dose delivery conq)ositions are 
provided Roser et aL WO 96/03978. PrrferaHy, flie device is hiod^gradahle or 
bioresorb2A>le and allows for near zero order release rate of the ageaoL 
5 Suitable nrnterials for use in making or coating tiie device include without 

linntation, redudng, non-redudng and hydrophobically derivatized carbohydrates. 
Redudng (wbolqrdiates indud^ without limitation glucose, maltose, lactose, 
fiuctose, galactose, mannose,maltdose,iso-maltdose and lact^ Non-redudng 
carbokydrates include, whhout linntation, trehalose, ra£Bnose, stad^rose, sucrose and 
10 dextran. Other useful carbohydrates indude non-redudng ^ycosides of polyhydroigr ^ 
compounds selected from sugar alcohols and other straig^ diain polyalcohols. The 
sugar alcohol g^cosides are prefer£d>lsr monog^oosides, in particular the compounds 
obtained by reduction of disacdmrides sudi as lactose, mattose, lactulose and 
maltulose. Hydrophobically derivatized carbohydrates refer to a wide variety of 
15 carbohydrates where at least one faydm^ gpmp is substituted wifli a hydrophobic 
moi^indudii^ but not linnted to, estCT and ethers. Numerous examples of 
suitable carbohydrates and their syntheses are described in Devdopments in Food 
Carbohydrate -2 ed C.K. Lee, ^pUed Sdence Publishers, London (1980). Other 
syntheses are described for instance, in Akoh et aL (1987) X Food. Sd. 52:1570; 
20 Khan et aL (1993) Trtra. Letts 34:7767 Khan (1984) Pure & AppL CbsoL 56:833- 
844; and Khan et aL (1990) Carb. Res. 198:275-283. Sudi carbolqrdrates indude, 
without limitetion, sorbitol hexaacetate, a-glucose pentaacetate, P-g^cose 
pentaacetatei» l-O-Octyl-p-D-ghicose tetraacetate^ trdialose octaacetate» and di-0- 
mediyl-hexa-0-acetyl sucrosa 
25 Whidiever method is used coating or impregnation of" pharmaceutical %ent» it 

should aUow slow release of atiier£q)eutically eflbcttve amount of tiie pharmaceutical 
ag^forather^euticdlsreaBctivelaigthoftime. For instance, do w release by 
dijBSision into the lumen of a local art^ or duct is eEfective. Of course, drug 
dissolution into the wall of the lumen will occur and account for some of the 
30 therapeutic affect. The pharmaceutical agents can also be bonded onto the surfece of 
the delivery system and released by chmoical int^action with the blood and its 
con^onents or other physiologic fluids. 
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Hie {fliamiaceutical ageot can be fbmadated vnAi other plq^oiogica% 
acceptable oonvoneots. Such fonnulatiore can contain appropriate non^ 
non-interfming conqionents. Such components indudio^ but not lumted to, liquid 
exdpi^, medicinal agents, pharmaceutical agents, carriers and substances such as 
S wetting or emulsifying agmts and pHbuflferiiig agents. Liquid exLopimts including, 
but not limited to, water, saline g^cerol or elfaanol. 

An reference cited herein, both siqnra and infira, are hereby incorporated 
herein bjr reference. AUhoug^ Ihe foregoing invention has been desoibed in some 
d^ail by yfBy of iDustration and exanq>le for the purposes of darity and 
10 undeistanding, it wiU be apparent to ftoseskitted in the art tluitce 

modifications can be practiced. Therefore, titedescr^on and examples should not 
be construed as limiting the scope of the invention, which is delineated hy the 
appended dahns. 
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